Abstract. The effects of tannic acid on mean values and genetic variation in fitness-related traits (mass, relative growth rate) and specific activities of digestive enzymes (total proteases, -glucosidase and lipase), and genetic variation in their plasticity, were investigated in fifth instar larvae of Lymantria dispar L. (Lepidoptera: Lymantriidae) originating from two populations with different host use histories (oak and locust-tree). The two populations did not differentiate with respect to fitness-related traits, i.e. adverse effects of tannic acid were similar in both populations. However, Robinia larvae, which originated from the locust-tree forest, were characterized by higher total protease and lipase activity and lower -glucosidase activity than Quercus larvae, which originated from the oak forest. Higher plasticity of lipase and lower plasticity of -glucosidase in response to tannic acid were also recorded. Quantitative genetic analysis revealed mostly significant expression of genetic variation in the examined traits and trait plasticity, suggesting the potential for evolution of adaptive plastic responses to new environmental conditions and presence of a stressor. The genetic correlations observed between the environments significantly differed from "one", which indicates there are no constraints on the evolution of trait plasticity.
INTRODUCTION
Plants synthesize numerous allelochemicals for defence against herbivorous insects, which, on the other hand, express considerable phenotypic plasticity in preference and performance that enable them to overcome the harmful effects of the allelochemicals. Phenotypic plasticity, the property of a given genotype to produce different phenotypes in response to distinct environmental conditions, is common in insects and often highly adaptive (Pigliucci, 2001; Görür, 2005) . Abundant genetic variation for a variety of plastic responses in natural populations makes possible evolution of plasticity by natural selection and other evolutionary mechanisms (Pigliucci et al., 2006) . In phytophagous insects plasticity can be expressed in response to variation in the nutritive and anti-nutritive traits of their host plants (Haribal & Renwick, 2005; Leal-Aguilar et al., 2008) . Phytophagous insects have many mechanisms for overcoming the harmful effects of plant defensive compounds, among others, a powerful assemblage of digestive enzymes, antioxidative and detoxification enzymes (Broadway, 1997; Mello & Silva-Filho, 2002; Zhu-Salzman et al., 2005; Després et al., 2007) . Plasticity of digestive enzymes, i.e. changes in their synthesis and secretion and/or induction of different isoforms, may significantly affect the life history traits of individuals in changing and stressful environments. Phytophagous insects can use different host plants in different parts of their geographic distribution, but in particular environments populations usually use a small number of host plants (Ruiz-Montoya et al., 2003) . Variation in the use of different host plants reveals patterns of the local adaptations of insect populations and also indicates responses to past selection (Ueno et al., 2001a) .
As a phytophagous insect that feeds on over 500 plant species within 73 families (Lance, 1983; Liebhold et al., 1995) the gypsy moth must adapt to a wide-range of host plant specific defenses. Gypsy moth larvae feed on the leaves of many different species of tree that contain tanins (Barbosa & Krischik, 1987; Liebhold et al., 1995) . Tannins are the most abundant secondary metabolites found in vascular plants in both temperate and tropical areas, with a role in defence against insect herbivores by deterrence and/or toxicity. Both hydrolyzable and condensed tannins have significant effects on herbivores. In insects with a high gut pH, tannins are prone to act as prooxidants. They produce reactive oxygen species, which can damage nutrients and/or midgut tissue and accordingly influence insect performance (Barbehenn & Constabel, 2011 and references therein) . During the course of evolution insects have acquired various mechanisms that have enabled them to tolerate ingested tannins, such as an alkaline gut pH, low gut redox potential, surfactants, and ultrafiltration through peritrophic membranes (Berenbaum, 1980; Barbehenn & Martin, 1994; Johnston & Felton, 1996; Zimmer, 1997) .
Gypsy moth larvae from two populations with different trophic adaptations, originating from oak (suitable host plant) and locust-tree (marginally suitable host plant) for-ests were studied. There are both condensed and hydrolyzable tannins in oak and locust-tree leaves (Schultz & Baldwin, 1982; Rossiter et al., 1988; Rakesh et al., 2000) , although the tannin content is higher in the latter. Unruh Snyder et al. (2007) record 10% condensed and 18-34% hydrolyzable tannins in locust-tree leaves, while Montgomery (1986) records lower levels of both types of tannins in leaves of several oak species. Locust-tree leaves also contain some other allelochemicals, e.g. alkaloids, flavonoids and flavonoid glycosides (Barbosa & Krischik, 1987; Nasir et al., 2005; Veitch et al., 2010) , and are characterized by a higher buffering capacity and lower nutrient content, compared to oak leaves (Montgomery, 1986 and pers. comm.; Barbosa & Krischik, 1987) . Tanniferous plants with relatively low protein levels would be more deterrent to herbivores than more nutritious plants containing the same levels of tannins (Barbehenn & Constabel, 2011) . However, the gypsy moth population from the locust-tree forest used in this study had experienced locust-tree leaves as the only food resource for more than 50 years, i.e. 50 generations (Sidor & Jodal, 1983) . Previous investigations of gypsy moth larvae from the two populations (oak and locust-tree forests) revealed local differentiation for some fitness, behavioural and physiological traits (Perić Mataruga et al., 1997; Lazarević et al., 2002 Lazarević et al., , 2003 .
The present work deals with the effect of tannic acid, a hydrolyzable tannin, in the rearing diet on mean values and genetic variation of mass, relative growth rate and specific activities of digestive enzymes (total proteases, -glucosidase and lipase) in gypsy moth larvae from the two populations. We examined the effect of allelochemical stress on genetic variation of the traits and population differences in expression of this variation due to different host use histories. Since the gypsy moth is known as a composite generalist, in which the dietbreadth of the individuals is narrower than that of the population (Rossiter, 1987) , we also estimated genetic variation of phenotypic plasticity of the traits in response to dietary tannic acid (i.e. "genotype × environment" interaction) in gypsy moth larvae from different populations, and assessed possible constraints on the evolution of an optimal phenotypic plasticity.
MATERIAL AND METHODS

Insect rearing
Thirty two egg masses of gypsy moth Lymantria dispar (Linnaeus, 1758) were collected from a mixed (predominantly Quercus cerris L.) oak forest within the Bogovadja forest complex and are referred to in this study as the Quercus population, (locality "Bogovadja", 70 km south-west of Belgrade). Twenty six egg masses were collected from a plantation of locust-trees (Robinia pseudoacacia L.) and are referred to as the Robinia population (locality "Bagremara" near Bačka Palanka, 122 km north-west of Belgrade), as previously described in Mrdaković et al. (2011) . The forest complex "Bagremara" is almost completely covered by black locust trees with a very few black walnut and English oak trees. In this forest defoliation never occurs, i.e. the population dynamics oscillates with smaller amplitude than in an oak forest (Sidor & Jodal, 1983) . The nearest oak forest, Karavukovo complex, is located 30 km north-west of Bačka Palanka.
The egg masses were kept in a refrigerator at 4°C until May, when they were transferred to a constant temperature of 23°C to hatch. They were reared at 23°C and a 12L : 12D photoperiod. After moulting to the fourth instar the larvae were reared individually, in Petri dishes (9 cm diameter), and were provided daily with fresh food.
Adult gypsy moths do not feed and the females emerge with adequate energy reserves to develop and lay most of their eggs. The entire reproductive output of a female is represented in a single egg mass, which is the product of a single mating (Doane, 1968; Rossiter, 1987) . Hence, all the larvae that hatch from an egg mass (family) are full-sibs. From both populations, 7-9 larvae from each egg mass (unbalanced full-sib design) were randomly assigned to the group fed on the control diet, the high wheat-germ based (HWG) standard laboratory diet of the gypsy moth (O'Dell et al., 1985) , and the group fed on the HWG diet containing 5% tannic acid (Tannic Acid, lot number 32K1248, Sigma-Aldrich). Use of the artificial diet reduced the variation in quality associated with natural diets, while the amount of tannic acid used was in the concentration range known to influence the performance of gypsy moth and other polyphagous tree-feeding Lepidoptera (Karowe, 1989; Bourchier & Nealis, 1993) . Accordingly, there were four experimental groups: Quercus larvae fed on the control diet (QC), Quercus larvae fed on the tannin supplemented diet (QT), Robinia larvae fed on the control diet (RC) and Robinia larvae fed on the tannin supplemented diet (RT).
Fitness-related larval traits
In order to estimate the effects of tannic acid on larvae from differently adapted populations, the following traits were measured for each larva: mass on the third day after moulting to the fifth instar (LM5 3) and relative growth rate from 3 rd to 4 th moult (RGR). Relative growth rate was calculated as the difference between the natural logarithms of the larval mass determined after 4 th (LM5) and 3 rd moult (LM4), divided by the duration of the fourth instar (t4): (ln LM5-ln LM4) / t4 (Giertych et al., 2005) . Larval mortality was very low, and hence it was omitted from the results.
Preparation of midgut homogenates
Larvae were weighed 3 days after moulting to the fifth instar. After immobilization on ice their midguts were removed, washed several times with ice-cold physiological saline, weighed and kept in a freezer at -20°C until homogenization. The midguts were homogenized individually on ice in 0.15 M NaCl (final tissue concentration -100 mg/ml) for 30 s and then centrifuged at 10,000 g for 20 min at 4°C. The supernatants (crude midgut extracts) were used for determination of specific activities of total proteases (TP), -glucosidase (-G) and lipase (Lip).
Enzyme assays
The activity of total proteases was determined using casein as the substrate, by measuring the absorbance of aromatic amino acid products of the enzyme reaction -tryptophan and tyrosine, at 280 nm (Kunitz, 1947) . The activity of -glucosidase was determined using p-nitrophenyl -D glucopyranoside as the substrate, by measuring the absorbance of the product, p-nitrophenol, at 405 nm (Baker, 1991) . Enzyme activities were measured in triplicate and controls without enzyme or without substrate were included. Lipase activity was determined using p-nitrophenyl caprylate as the substrate, by continuous monitoring of the release of p-nitrophenol at 410 nm (Mrdaković et al., 2008) . Specific enzyme activities were expressed as U/mg of midgut protein, and one unit of enzyme activity is defined as the amount of enzyme that liberates 1 µmol of reaction product per minute, under the given assay conditions. Protein content was determined according to Bradford (1976) , using bovine serum albumin as the standard.
Statistical methods
Mean values and their standard errors were calculated for larval mass and relative growth rate, and for specific enzyme activities. The experimental groups were compared by one-way ANOVA and Sheffe's multiple range test (Sokal & Rohlf, 1981) . P-values lower than 0.05 were considered statistically significant. The analysis of variance was applied to logarithmically transformed values of the traits. Local differentiation was tested by two-way ANOVA, with population origin and tannin treatment as fixed factors. Significance of "population × treatment" interaction tests for the presence of population level specialization to tannins or, in other words, between-population genetic variation in phenotypic plasticity in response to tannins. Broad-sense heritability was calculated from one-way ANOVA, using the standard formula for an unbalanced full-sibling design: H 2 = 2Vg / (Vg + Verror) (Becker, 1984) . Comparison of trait heritabilities between the diets within each of the populations (QC-QT; RC-RT), and between two populations on each diet (QC-RC; QT-RT), were performed on z-transformed values of heritabilities. Two-way ANOVA with family and treatment as factors was carried out within both populations. Treatment was the fixed and family the random factor. A significant main effect of family indicates differences among families in trait values. A significant main effect of treatment indicates a change in the trait in response to tannic acid, i.e. phenotypic plasticity. Significant "family × treatment" interaction reveals significant variation in the level of plasticity among families, i.e. withinpopulation genetic variation for plasticity in response to dietary tannic acid. Genetic correlations across different environments (control and diet with 5% tannic acid) were calculated as Pearson's product-moment correlations, using family means of the traits rXY = Cov(X, Y) /[Var(X)Var(Y)] (Sokal & Rohlf, 1981; Via, 1984) . All estimates came from the full-sib design and contained contributions from nonadditive genetic variance, maternal and environmental effects. 
RESULTS
Effects of tannic acid on gypsy moth larvae from two populations
The presence of tannic acid in the diet significantly influenced larval mass (Fig. 1A ) and relative growth rate (Fig. 1B) . Thus, larvae from both Quercus and Robinia populations had significantly lower masses (F3,780 = 46.654, P < 0.0001) and significantly lower relative growth rates (F3,717 = 37.783, P < 0.0001) when reared on the diet with 5% tannic acid than those reared on the control diet. The specific activity of total proteases ( Fig. 2A ) in larvae from both Quercus and Robinia populations significantly decreased in response to dietary tannic acid (F3,818 = 16.679, P < 0.0001). The specific activity of -glucosidase (Fig. 2B ) significantly declined in larvae from the Quercus population reared on the tannin supplemented diet (F3,812 = 10.075, P < 0.0001). In larvae from the Robinia population, the specific activity of this enzyme was at the level recorded for Quercus larvae reared on the diet with 5% tannic acid. Unlike the activity of total proteases and -glucosidase, specific activity of lipase (Fig. 2C ) in both Quercus and Robinia larvae was significantly higher in the presence of dietary tannic acid, than that in larvae reared on the control diet (F3,801 = 53.722, P < 0.0001). This increase was more pronounced in larvae from the Robinia population.
Differences in response of local populations to tannic acid
Two-way ANOVA with population and tannin treatment as the factors (Table 1 ) revealed significant between-population differences in the activities of specific enzyme in gypsy moth larvae. On average, the specific activities of total proteases and lipase were higher in Robinia larvae, while that of -glucosidase was higher in 3 ) from two-way ANOVA for larval mass on the third day after moulting into the 5 th instar (LM53), relative growth rate from 3 rd to 4 th moult (RGR), and specific activity of total proteases (TP), -glucosidase (-G) and lipase (Lip) in gypsy moth larvae from the Quercus and Robinia populations, reared on the control diet and the diet with 5% tannic acid. Population origin (Pop) and treatment (T) were fixed factors. NS-not significant. Robinia population Quercus population TABLE 2. Broad sense heritability (H 2 ± SE) of larval mass on the third day after moulting into the 5 th instar (LM53), relative growth rate from 3 rd to 4 th moult (RGR), and specific activity of total proteases (TP), -glucosidase (-G) and lipase (Lip) in gypsy moth larvae from two populations. Significance of heritability was determined using t-test (*P < 0.05, **P < 0.01, ***P < 0.001).
larvae from the Quercus population. Significant "population × treatment" interactions, i.e. differences in response of local populations to tannin treatment, were noted for the specific activity of -glucosidase and lipase. Lower plasticity of -glucosidase and higher plasticity of lipase in response to the tannin supplemented diet were recorded for gypsy moth larvae from the Robinia population.
Broad sense heritabilities
In the Quercus population significant heritability of larval masses was recorded for larvae reared on the control and tannin supplemented diets, and for relative growth rate for those reared on the tannin supplemented diet (Table 2 ). In larvae from the Robinia population, heritability of larval mass increased in the presence of dietery tannic acid and became significantly higher than in those reared on the control diet (RC-RT, t = 2.156, P < 0.05). Heritability of larval mass was significantly higher in Quercus larvae reared on the control diet than in Robinia larvae reared on that diet (QC-RC, t = 5.113, P < 0.001).
Specific activities of total proteases in Quercus larvae, and activity of -glucosidase in Robinia larvae reared on the control diet, did not express significant genetic variation, while significant heritability was recorded for lipase activity in larvae from both populations ( Table 2) . Comparison between the diets within each population revealed significantly higher heritability for specific activity of -glucosidase in larvae from the Quercus (QC-QT, t = 2.254, P < 0.05) and Robinia populations (RC-RT, t = 2.652, P < 0.05), and for specific activity of lipase in larvae from the Quercus population (QC-QT, t = , P < 0.001), when they were reared on the diet with 5% tannic acid. Comparison of heritability for specific activity of lipase between larvae from the two populations reared on the tannin supplemented diet revealed significantly higher values in Quercus larvae (QT-RT, t = , P < 0.001).
Genetic variation in phenotypic plasticity in response to tannic acid
Two-way ANOVA, with family and treatment as the factors, showed significant family and treatment effects for mass and relative growth rate in Quercus (Table 3) and Robinia populations (Table 4) of gypsy moth larvae. Significant "family × treatment" interactions were recorded for mass of larvae from both populations. Concerning relative growth rate of larvae, there was a significant "family × treatment" interaction for the Quercus population, but not for the Robinia population. Significant family effects and "family × treatment" interactions were recorded for specific activities of the enzymes in both populations (Table 3 and 4). Treatment effects for specific enzyme activities were significant, except for -G activity in larvae from the Robinia population (Table  4) .
Genetic correlations across the diets
Estimation of genetic correlation across environments (control and 5% tannic acid diets) within each population revealed a positive, statistically significant correlation for larval mass in the Quercus population. Concerning enzyme activities, only the specific activity of -gluco- 3 ) from two-way ANOVA for larval mass on the third day after moulting into the 5 th instar (LM53), relative growth rate from 3 rd to 4 th moult (RGR), and specific activity of total proteases (TP), -glucosidase (-G) and lipase (Lip) in gypsy moth larvae from the Quercus population, reared on the control diet and the diet with 5% tannic acid. Treatment (T) was fixed and family (Fam) was the random factor. sidase in the Quercus population showed a significant positive correlation across environments, which was significantly different from "one" (Table 5 ).
DISCUSSION
Gypsy moth larvae from both Quercus and Robinia populations showed considerable changes in the examined fitness-related traits and digestive enzyme activities in response to allelochemical stress. The presence of tannic acid in the rearing diet adversely affected larval mass and relative growth rate. Regarding the activities of digestive enzymes, phenotypic responses to dietary tannin included a decrease in total proteases activity and increase in lipase activity. The specific activity of -glucosidase was significantly less in larvae from the Quercus population.
The ability of tannins to bind with a wide variety of compounds may lead to reduced enzyme activity and disturbed digestion with harmful effects on herbivore performance (Schoonhoven et al., 2006) . However, considering protective role of gypsy moth midgut alkalinity (Berenbaum, 1980; Appel & Maines, 1995) and tannin prooxidant activity at high gut pHs (Barbehenn & Constabel, 2011) , the reductions in larval mass and relative growth rate could be seen as a consequence of the higher metabolic cost of processing tannin supplemented food, and allocation of resources to energy metabolism and defense rather than growth. Also, maintaining preferred gut conditions necessary for minimizing the negative effects of dietary allelochemicals on performance might be energetically costly for gypsy moth larvae (Govenor et al., 1997) . Hence, the observed changes in activities of digestive enzymes should be in accordance with the needs imposed by the presence of tannic acid in the diet and also, optimal for the given stage, fifth instar gypsy moth. The nutritional requirements of an insect alter throughout development. In older gypsy moth larvae, the change in preference from a high protein to a high lipid diet is related to increased accumulation of energy reserves required for the non-feeding stages (Stockhoff, 1993) . This could be reflected through decreased total proteases activity and increased lipase activity recorded in larvae from both populations. 3 ) from two-way ANOVA for larval mass on the third day after moulting into the 5 th instar (LM53), relative growth rate from 3 rd to 4 th moult (RGR), and specific activity of total proteases (TP), -glucosidase (-G) and lipase (Lip) in gypsy moth larvae from the Robinia population, reared on the control diet and the diet with 5% tannic acid. Treatment (T) was fixed and family (Fam) was the random factor. NS-not significant. Robinia population Quercus population TABLE 5. Genetic correlations across different environments (control and diet with 5% tannic acid) for larval mass on the third day after moulting into the 5 th instar (LM53), relative growth rate from 3 rd to 4 th moult (RGR), and specific activity of total proteases (TP), -glucosidase (-G) and lipase (Lip) in gypsy moth larvae from two populations. The significance of correlation coefficients was determined using z-test (* P < 0.05, *** P < 0.001). Significant positive correlation coefficients significantly different from "one" is marked with the letter C (P < 0.001).
Higher lipase activity may provide more energy required for induction of defense mechanisms, and is important for energy storage. Stockhoff (1993) suggests that the energy needs of the pupal and adult stages of the gypsy moth must be met by reserves accumulated during the larval stages, indicating that dietary lipids are a richer source of energy than dietary protein. Also, it is considered that surfactants are products of lipid digestion in the gut lumen (Martin & Martin, 1984) . Ingestion of tannin might cause loss of surfactant activity in 5 th gypsy moth instar (De Veau & Schultz, 1992) . Higher lipase activity leading to greater production of surfactants (phospholipids) could be an adaptive mechanism against tannins in lepidopteran larvae (Aboshi et al., 2010) , i.e. the significant increase in lipase activity could reflect its participation in the process of surfactant formation.
Regarding the results for larval mass and relative growth rate it appears that tannic acid provoked adverse effects on gypsy moth larvae from both populations. Despite a long history of association with locust-tree allelochemicals, including tannins, the selection pressures were not strong enough (at least in terms of these traits) to overcome completely the negative effects of tannin in Robinia larvae. Between population differences observed through higher average activities of total proteases and lipase in larvae from the Robinia population could have resulted from past selection of many allelochemicals that favoured those larvae that could metabolize stressful food more efficiently due to increased synthesis and/or secretion of certain digestive enzymes. However, our experimental design cannot rule out the involvement of maternal effects and genetic drift in population differentiation. Significant "population × treatment" interactions are interpreted as evidence for population-level specialization to a particular food quality (Jaenike, 1981) . As revealed by the significant "population × treatment" interaction, in comparison with Quercus larvae the Robinia larvae are characterized by lower plasticity of -glucosidase and higher plasticity of lipase in response to dietary tannic acid. The specific activity of -glucosidase in Robinia larvae reared on the tannin supplemented diet did not change significantly, but we cannot say if this is an adaptation due to past selection (e.g. expression of a less sensitive form of the enzyme in larvae originating from the locust-tree forest), since -glucosidase activity in Robinia larvae reared on the control diet was lower than in Quercus larvae also fed on the control diet. The results of an earlier study indicate a significant "population × treatment" interaction for gypsy moth pupal mass and lower susceptibility of individuals from the Robinia than from the Quercus population, to feeding on locust-tree leaves (Lazarević et al., 2002) . Therefore, it is possible that the observed differences in the activity of these enzymes could affect fitness components in later developmental stages.
Previous studies reveal significantly higher longevity and pupal mass in Robinia than in Quercus gypsy moth. Significant between-population variation in phenotypic plasticity in response to feeding on locust-tree leaves is recorded for preadult viability, duration of pupal stage, as well as relative growth rate and gross growth efficiency of 4 th gypsy moth instar (Lazarević et al., 2002 (Lazarević et al., , 2007 . The relative growth rate of 4 th instar Robinia gypsy moth was less sensitive to locust-tree leaves than Quercus larvae. Also, Perić Mataruga et al. (2001 describe differences in number and activity of protocerebral neurosecretory neurons in gypsy moth larvae from locust-tree and oak forest populations exposed to trophic stress. Regardless of whether they are subjected to trophic stress antioxidative enzymes are more active in the midgut tissue of Robinia larvae than of Quercus larvae (Perić Mataruga et al., 1997 ). We did not detect an influence of dietary tannin on the duration of 4 th instar, or the duration of development from hatching to reaching the 5 th instar of Quercus and Robinia larvae (Mrdaković, 2010; Mrdaković et al., 2011) . However, such a diet had similar negative effects on larval mass and relative growth rate of larvae from both populations in this study, whereas Lazarević et al. (2002) show that Robinia gypsy moth still perform better when fed on oak than locust-tree leaves. Thus, the results of this and previous investigations on oak and locust-tree populations could suggest that adaptation of gypsy moth to a marginally suitable host (locusttree) might be ongoing.
The amount of genetic variation in the fitness components expressed in novel environments is important for adaptation to those environments and broadening the ecological niche. Genetic variation can change as a direct response to the environmental conditions in which they are expressed, and several hypotheses predict increased expression of genetic variation in novel/stressful environments (Hoffman & Merilä, 1999) . Phenotypic plasticity can modulate expression of genetic variation by influencing within-and/or among-family variance of a trait. We observed that allelochemical stress provoked expression of higher genetic variation of larval mass in the Robinia population and a higher genetic variation of enzyme activities in both Quercus (-glucosidase, lipase activities) and Robinia (-glucosidase activity) larvae. Previous investigations have shown increased heritability of some life-history traits in gypsy moth larvae fed on locust-tree leaves and larvae exposed to greater rearing density (Lazarević, 2000; Lazarević et al., 2002) .
Prolonged selection in stressful environments should remove "low" fitness alleles and decrease the heritability of a trait. Such a response was obtained for larval mass and lipase activity, which showed lower heritability in larvae from the Robinia population compared to those from the Quercus population. Similarly Ueno et al. (2001b) found lower heritability of some traits of Epilachna vigintioctomaculata on a host where the population had persisted for 50 years, compared to a population on the usual host plant.
Plasticity of traits is a mechanism that allows rapid and potentially adaptive responses of populations to environmental changes. Optimal phenotypic plasticity can evolve by selection acting on genetic variation of a trait as well as on genetic variation of trait plasticity. Heterogeneous environments favour increased phenotypic plasticity, although the degree of phenotypic plasticity may be reduced due to the process of canalization and tuning of development with genetic and environmental changes (Waddington, 1942) . Our present results confirm that, regardless of population origin, most examined traits of the gypsy moth larvae show significant genetic variation of traits (broad sense heritability) and trait plasticities ("family × treatment" interaction) pointing to the potential for evolution of adaptive plastic responses to new environmental conditions, including the presence of an allelochemical stressor. The absence of a significant "family × treatment" effect for relative growth rate in larvae from the Robinia population suggests reduced variation in phenotypic plasticity of the trait, possibly due to the pressure of directional selection (feeding on locusttree leaves) on previous gypsy moth generations.
Across-environment genetic correlations less than "one" are a sufficient condition for selection to favour specialization on novel/stressful environments (Fry, 1996) . Otherwise, evolution of optimal phenotypic plasticity would be constrained. The effects of acrossenvironment genetic correlations significantly influence the rate and direction of evolution in traits related to use of environmental resources (Via, 1984) . The positive genetic correlation observed between larval masses expressed on both diets in Quercus larvae, suggests that gypsy moth families with small larval masses will also have small masses on a tannin supplemented diet. The positive genetic correlation between the specific activities of -glucosidase on the different diets, also observed in Quercus larvae, was significantly less than "one" and together with non-significant correlations of other traits, does not represent a constraint for the evolution of enzyme plasticity. Correlations across environments are often insignificant, but they would move toward negative values in a population adapted to multiple hosts (Joshi & Tompson, 1995) . The absence of negative correlations may mean that evolution of the norm of reaction is still in progress (Via & Lande, 1985) . However, our results came from the full-sibling analysis, and contributions from nonadditive genetic effects, maternal and environmental effects might also have affected the estimated correlations.
